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Dynamic and Thermal Effects 


BASIC CONCEPTS 

The elementary illustration of a wave propagation phenomenon can be based on 
the analogy of a locomotive starting to pull a long string of stationary freight cars, 
or a similar train running into a barrier of fixed buffers. In the first case, each 
car starts up the one behind it, while the last car is, so to speak, “unaware” of 
the load applied to the front sections of the train. This analogy applies also to a 
rod to which an axial force is suddenly applied, sending a tensile stress wave along 
its axis. Any section of the rod, other than that experiencing a wave propagation 
phenomenon, remains unstressed. By analogy to a freight train, the particles of 
the rod at the impacted end are displaced and create a wave which begins to travel 
from one end of the bar to the other. 

By reference again to the train analogy, we note that each car resists the motion 
by the inertia of the car behind it, except the last car in the string, which will run 
after the train faster than the cars in front of it, initiating a compressive type of 
wave. This wave is expected to proceed until the front of the train is reached. On 
the other hand, when a freight train runs into a barrier of fixed buffers, each car is 
brought to rest in turn. However, the last car rebounds and initiates a tensile wave 
which begins to travel up the locomotive. 

The foregoing simplified illustration of mechanics of wave propagation leads to 
the following basic conclusions: 

1. A compression wave reaching a free end transforms into a tensile wave and 
vice versa. 

2. A wave is reflected from a fixed end without a stress reversal. 


STRESS PROPAGATION THEORY 


The general theoretical relationship between a stress wave and the velocity of prop¬ 
agation in one-dimensional impact is usually expressed as follows: 


cr(x,t ) = pCV(x,t ) 


(16.1) 


where a denotes the stress normal to the wave front and V is the particle velocity 
at a particular point in space and time [250]. For a straight bar, for instance, the 
positions in space and time are denoted by x and t, respectively. The parameter 
C, known as the sonic velocity , is defined as 


C = 



(16.2) 


where E stands for the modulus of elasticity and p is the mass density of the 
material in which the stress wave propagation takes place. This formula defines 
the velocity of stress wave propagation in the elastic range. Similarly, in the case 
of plastic deformation, the velocity of propagation of a given plastic strain is a 



